Building on previous studies of the effects of similarity on recognition memory for faces
Face-name association 7 like hair color, hair curliness and skin texture (Wilson et al., 2002) . The advantages of using this face set are that although the faces are well-controlled, they still can be identified with high accuracy (Wilson et al., 2002) , it is possible to measure their inter-item similarity precisely. Moreover, the faces are realistic enough to generate responses in the fusiform face area (Loffler, Yourganov, Wilkinson, & Wilson, 2005) , the standard face processing pathway in the brain.
In order to determine how our particular face set's dimensions were perceived by participants, a separate multidimensional scaling (MDS) study was performed (for details see van Vugt, Sekuler, Wilson, & Kahana, in preparation) . The experimenters derived four-dimensional stimulus coordinates for each of the faces in the set, which were used as face space coordinates in the subsequent analyses. All distances discussed in the present study are the Euclidean distances between the compared faces in this derived face space.
The faces were paired during the experiments with 16 of the most common male American names, as confirmed by the 1990 census. These names were truncated to their one-syllable equivalents: Jim, John, Rob, Bill, Dave, Rich, Charles, Joe, Tom, Chris, Dan, Paul, Mark, Mike, and George. Stimuli were presented subtending a visual angle of 3.7 degrees on a 1280×1024 computer screen, against a white background. The names were presented under the faces in black capital letters. Audio of each of the names being spoken by a young woman was also recorded, to be presented during the study portions of the experiments.
Insert Figure 1 about here
Procedure. 22 of the 25 participants first completed 64 trials of a same-different task (see Fig. 2 , Panel a). This introductory part of the experiment was implemented after three participants had already run, in order to help better familiarize participants with Face-name association 8 the stimulus set. On each trial, an orienting stimulus (+) was presented for 1 s at the center of the computer screen. After a 200 ms blank screen, a face was shown for 700 ms, followed by a 3 s intertrial interval. Each of the intervals described above was jittered by a period between 0 and 75 ms. This was done because we intended comparison with parallel EEG experiments for which the jitter is necessary to decorrelate brain signals across successive stimulus events. Participants reported whether the second face was the same or different from the first by pressing a designated button.
The main experiment consisted of two blocks. Participants learned one set of eight face-name associations during the first run, and following this learned a new and separate set of eight face-name associations in the second block. The selection of faces and names to be presented during either block was randomized across participants. Facial stereotypes are known to be associated with certain male names (Lea, Thomas, Lamkin, & Bell, in press); therefore, we also randomized the face-name pairings across participants in order to avoid spurious performance effects for particular face-name combinations.
Each blocks consisted of ten study-test cycles. In each study phase, the eight face-name pairs were shown in random order for 5 s and their names were presented auditorily. In each test phase, faces were shown in random order for 5 s with a question mark underneath, and participants verbally recalled the corresponding names ( 
Results
During the introductory 64-trial same-different task, participants' hit rate (HR) was 75% (SEM = 5%) over the first eight trials and 91% (SEM = 3%) over the last eight.
Participants' false alarm rate (FAR) was 25% (SEM = 5%) over the first eight trials and 22% (SEM = 5%) over the last eight. Improvement in performance was significant for HR [t(21) = 2.81, p < .05] but not for FAR [t(21) = 0.35, n.s.].
In the cued recall task, participants' performance improved from 27% correct recall on the first block to 83% correct recall on the tenth block. Similarly, reaction time (RT) for correct recalls became gradually faster over the 10 blocks. Descriptive data for are given in Table 1 .
Insert Table 1 about here "Neighborhood" Effect: Our primary question of interest was whether participants would exhibit worse associative recall performance for faces that had a greater number of similar "neighbors". Two faces were considered neighbors if they were previously judged to be highly similar to each other; that is, they were situated within a certain radius of each other in four-dimensional face space. The size of this radius was selected such that each face had 1 to 7 neighbors within its respective study set (i.e. the set of faces also seen during the run), and the number of faces within this radius defined each face's "neighborhood density".
At test, the more neighbors a cue face had within the study set, the less likely that Face-name association 10 the correct name was recalled (see Fig. 3 ). The 95% confidence interval (CI) for the slope of the linear regression fitting probability of correct recall to neighborhood density was (-0.09, -0.03), [t(24) = −4.52, p < .001]. These recalls also were slower; the 95% confidence interval for the slope of the regression for RT on neighborhood density was (84, 250) ms, [t(24) = 4.14, p < .001].
One-way repeated measures ANOVAs (with one participant excluded due to missing data for one condition) confirmed the significance of this neighborhood density ("low" (1-2 neighbors),"medium"(3-4 neighbors),"high" (5-7 neighbors)) effect for probability of correct recall [F (2, 46) = 21.97, M S e = 0.43, p < .001] and RT [F (2, 46) = 19.09, M S e = 3.2 x 10 6 ms, p < .01]. Separate two-way ANOVAs (with two participants removed due to missing data in some conditions) demonstrated that there was no significant interaction between number of neighbors (low, medium, high) and block ("early" (blocks 1-5) versus "late" (blocks 6-10)), neither for probability of correct recall nor RT [F (2, 44) < 1, n.s. for both interactions].
We then explored whether this neighborhood effect was the result of associative interference from studying a particular face set, or instead a property of the global typicality or distinctiveness of a given face in the complete face space. To address this issue, we examined whether the effect differed for faces with the same number of neighbors within their study set but a "low" (2-4) or "high" (5-7) number of neighbors in the set studied during the other half of the experimental session. Note that while participants were exposed to the whole face space at the start of the experiment (during the same-different task), one might still expect that this effect would be stronger during the second half of the experiment, after the participant had studied all of the faces and not just half of them.
We performed paired sample t-tests (two-tailed) to compare the slopes of "neighborhood" regressions for "high" versus "low" other-half neighbor conditions. For Face-name association 11 probability of correct recall, no significant difference was found between the slopes of "neighborhood" regressions for high versus low other-half neighbors [t(24) = 1.66, n.s.], and likewise for RT, no significant difference was found between the slopes of regressions for high versus low other-half neighbors [t(24) = 1.67, n.s.]. When looking only at the second half of each participant's experimental session, once again no reliable differences were found between the slopes of regressions for high versus low other-half neighbor conditions, neither for probability of correct recall, [t(24) = 0.00, n.s.], nor for RT [t(24) = 1.31, n.s.].
Two-way repeated measures ANOVAs revealed no significant effect of other-half neighbors (low, high) when crossed with within-half neighbors ("low"(1-3 neighbors), "high" (4-7 neighbors)), neither for probability of correct recall [F (1, 24) = 1.04, n.s.] nor for RT [F (1, 24) < 1, n.s.]. The same was true if one looked only at the second half of each session (with 7 participants removed due to missing conditions), both for probability of correct recall [F (1, 17) < 1, n.s.] and for RT [F (1, 17) = 1.88, n.s.]. We concluded that the observed neighborhood density effects occurred independently of given faces' global typicality or distinctiveness. Rather, these effects were primarily the result of associative interference within a face's study set.
Additionally, we examined whether this neighborhood effect was an artifact of the possibility that cue faces with more neighbors came from lists that in general were more densely packed with faces (i.e., more crowded). In this case, the effect would result not from these faces themselves being more difficult to learn relative to other faces in their respective study lists, but from the relative difficulty of the study lists themselves. To explore this issue, we classified each of the study lists from the experiment into higher-or lower-density conditions. Whether a study list was "high" or "low" density was determined by calculating the average distance of its 8 faces from the center of its four-dimensional face space. We observed a neighborhood effect for both high and low Face-name association 12 density study lists, for the probability of correct recall-high: 95% CI for the slope of the neighborhood density function = (-.10, -.03), [t(18) During each test trial, participants could make an ILI by recalling any of the seven names of the other faces presented. For each ILI, we calculated the Euclidean distance in face space between the cue face and the face belonging to the incorrectly-recalled name.
Because the eight faces used in each run of the experimental session were selected randomly from a larger pool, ILIs to certain distances in similarity space were not always Face-name association 13 possible during a given session or run. Therefore, the conditional probability of making an ILI was calculated by dividing the number of ILIs made by the number of possible ILIs for respective distance bins (Fig. 4 .) The 95% CI for the slope of the linear regression fitting probability of ILI to Euclidean distance was (-.03, -.02), [t(24) = −8.54, p < .001] and the 95% CI for the slope of the regression for the latencies of these intrusions was (66, 196) ms, [t(24) = 4.14, p < .001]. These data demonstrate that intrusions are likely to come from nearby positions in similarity space.
Insert Figure 4 about here
Errors of Memory vs. Perceptual Confusion: The possibility remained that the similarity effects on memory we observed were the result of perceptual confusion between the highly similar faces. These two cognitive processes are inherently difficult to dissociate, but we attempted to do so by re-examining the main effects observed in Experiment 1 only for a subset of eight participants that achieved 100% accuracy over the last eight trials of their introductory same-different task. Presumably, participants who achieved this accuracy criterion had little difficulty discriminating among the 16 synthetic faces.
With this reduced pool of participants, we still observed a significant neighborhood density effect. The 95% CI for the slope of the regression of probability of correct recall on number of neighbors was (-.10, -.01), [t(7) = −3.08, p < .05], and the 95% CI for the slope of the regression for RT was (28, 203) ms, [t(7) = 3.14, p < .05]. One-way repeated measures ANOVAs also showed a significant effect of neighborhood density (low, medium, or high) on both probability of correct recall [F (2, 14) = 6.83, M S e = .595, p < .01] and RT [F (2, 14) = 4.45, M S e = 2.2 x 10 6 , p < .05]. Additionally, we observed a significant similarity effect on intra-list intrusions. The 95% CI for the slope of the regression of probability of intra-list intrusion on Euclidean distance was (-.04, -.01), [t(7) = −5.39, Face-name association 14 p < .001], and the 95% CI for the slope of the regression of the latencies of these intrusions on distance was (13, 274) ms, [t(7) = 2.60, p < .05]. These data suggested that the similarity effects we observed reflected something beyond perceptual difficulty in discriminating between the faces.
Discussion
Experiment 1 demonstrated that the number of faces within a cue face's similarity neighborhood modulated performance in an approximately monotonic manner. Greater neighborhood density for a face was associated with lower accuracy and slower reaction time. This effect appears to have been the result of associative interference within the study set, independently of the global typicality of a given face within the context of the larger pool of faces. We also demonstrated that this effect was not a consequence of the overall crowdedness or density of lists being studied. To the extent that an intra-list intrusion to Name B when cued with Face A is a measure of the interference of a Face B-Name B association with the correct recall of a Face A-Name A association, Experiment 1 also demonstrated that the closer Face A and Face B were in similarity space, the more associative interference took place between the two pairs.
The faces in the set we used were highly similar (see Methods), which raises the possibility that some memory effects we observed were actually the result of perceptual errors. Arguing against this alternative hypothesis, however, we restricted our analysis to those eight participants who best learned to correctly discriminate between the faces during our introductory same-different task. With this approach, we found the same pattern of similarity-based associative interference. Experiment 2, which utilized a set of more distinctive faces, further addressed this issue.
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Experiment 2 We next considered the possibility that the demonstrated effects of face similarity on associative recall were limited to the synthetic and highly confusable face set we employed in Experiment 1. To address this question, we conducted a methodologically similar experiment using a set of highly distinctive faces that more closely resembled actual photographs.
Methods
Subjects. Thirty-two undergraduates in a human memory lecture participated in the experiment as part of an optional in-class demonstration. derived from three-dimensional laser scans of the models' faces. Color information was also recorded, however, models were scanned without makeup and while wearing bathing caps (which were subsequently digitally removed). A normalization procedure was then used to bring each face into a common orientation and position. For the renderings used in this study, all faces were oriented towards the camera.
The similarity coordinates for these faces were determined using an MDS procedure.
A separate sample of 70 participants drawn from a introductory psychology course rated the similarity of all possible pairs of faces on a scale from 1 (highly similar) to 10 (highly dissimilar). To remove inter-subject variation in the mean and standard deviation of similarity ratings, we z-transformed each participant's ratings prior to forming the Face-name association 16 similarity matrix. The average ratings across participants formed the similarity matrix, which was subjected to Sammon non-metric MDS to yield a two-dimensional space for this face set (Sammon, 1969) , which had a stress of .29 (adding additional dimensions did not dramatically improve the fit).
The names were presented under the faces in black capital letters, and the face-name stimuli were projected onto a screen in a lecture hall (visual angle varied between roughly 2 and 9.5 degrees, depending on where the participant was seated). In contrast to Experiments 1 and 3, no audio accompanied this experiment.
Procedure. In addition to utilizing a different set of faces, the procedure for Experiment 2 differed from that of Experiment 1 in five noteworthy ways. First, no same/different task preceded the experiment. Second, Experiment 2 utilized 13 face-name pairs, and consisted of 13 trials per block, instead of 8. Third, Experiment 2 consisted of 5 study-test blocks, each employing the same set of 13 face-name pairs, instead of the 20 blocks-divided into two halves-used in Experiment 1. Fourth, participants provided written instead of spoken recall, and therefore we did not obtain RT data in this experiment. Finally, whereas for Experiment 1 names were randomly reassigned to different faces for each participant, for Experiment 2 each participant necessarily saw the same names paired with the same faces.
Results and Discussion
Although no RT data were recorded, in Experiment 2 we replicated the similarity effects that were observed in Experiment 1 for correct and incorrect recalls. Learning Curve: Participants correctly recalled 19% of the faces' names on the first block, 42% on block 2, 56% on block 3, 72% on block 4, and 83% on the fifth and final block.
Neighborhood Effect: The faces in this experiment each had between 0 and 7 neighbors in the study set. The slope of the linear regression fitting probability of correct Face-name association 17 recall to number of neighbors (0-7) was calculated for each participant, and the 95% CI for the slope of this regression was significantly negative, (-.033, -.014) [t(31)=-5.12, p < .001]. After then separating the face-name pairs into "low", "medium", or "high" neighborhood density conditions (0-1, 2-4, or 5-7 neighbors, respectively), we performed a repeated measures ANOVA for condition (low, medium, or high neighborhood density) on probability of correct recall, which also demonstrated a significant effect [F (2, 62) = 15.10, M S e = .010, p < .001]. A separate two-way ANOVA showed no significant interaction effect between neighborhood density condition and block number (1, 2, 3, 4 or 5) [F (8, 248) = 1.69, n.s.].
Intra-list Intrusions:
The slope of the linear regression predicting conditional probability of intra-list intrusion from the Euclidean distance between the cue face and the intrusion name's face was calculated for each subject. The 95% CI for the slope of this regression was significantly negative, (-.007, -.001) [t(31)=-3.14, p < .01].
These results demonstrate that the similarity effects observed in Experiment 1 generalize to a more discriminable and arguably more ecologically valid set of faces. One might have argued that the similarity effects observed in Experiment 1 were actually the result of subjects not being able to effectively discriminate between some faces in the set, within which all the faces were remarkably similar in appearance. This possibility was not entirely ruled out when we examined subjects who performed with perfect discrimination toward the ends of their introductory same-different tasks. However, the faces employed in Experiment 2 were far more distinctive and readily distinguishable from one another than those used in Experiment 1. While overall this made the task of learning their names much easier, the neighborhood density and similarity effects observed in Experiment 1 were replicated.
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Experiment 3
Having established the effects of face similarity on associative recall performance, we asked whether these effects could also be observed in an associative recognition task, using the well-controlled synthetic faces from Experiment 1. At the end of the associative recognition task, we gave participants a final cued recall task to assess similarity effects following extensive exposure to the synthetic faces.
Methods
Subjects. Thirty-five undergraduate and graduate students of the University of Pennsylvania (eleven male and twenty-four female) participated for payment and could additionally earn a bonus based on their accuracy and reaction time. Each participated in one hour-long session.
Stimuli. The stimuli were identical to those utilized in Experiment 1.
Procedure. The last 31 of the 35 participants first engaged in the same 64-trial same-different task that was used in Experiment 1, and-as in Experiment 1-this new introductory task was implemented to help better familiarize participants with the face set, after four subjects had already participated. The procedure for this task was identical with the exception that these participants responded on the keyboard with a confidence judgment between 1 and 6 instead of a yes/no decision (1=sure no, 6=sure yes). This modification served to familiarize the participants with making confidence judgments, which they would use later in the experiment.
Experiment 3 utilized the synthetic faces from Experiment 1 but consisted of an associative recognition task at test, rather than cued recall. For each individual participant, each of the 16 faces in the pool was randomly paired with one of 16 names, and remained paired with the same name for the duration of the experiment. The Face-name association 19 experiment consisted of 10 alternating study and test blocks. During each study block, the procedure was identical to that utilized in Experiment 1, except for the increased number of pairs per block. For each test block, half of the face-name pairs were correctly paired (targets) and half of the face-name pairs were rearranged (lures). The order of the study and test presentations and the correct or incorrect pairings were randomized across blocks and participants.
The target-or-lure pair remained on the screen for 5 s, and during this time participants responded on the keyboard with a confidence judgment on a scale from 1 to 6 (1=sure incorrectly-paired, 6=sure correctly-paired). These confidence judgments would-in addition to providing for a sense of the confidence of the participant's responses-allow for the construction of receiver-operating characteristic (ROC) curves. If the participant failed to respond within 5 s, the response was not recorded and the experiment moved on to the next trial. An asterisk was displayed for 1 s between trials.
At the conclusion of 10 study/test blocks, participants were presented with a brief cued recall task. The 16 faces were presented consecutively and in random order, with question marks underneath them. After 5 s, each face disappeared from the screen, an asterisk was displayed for 1 s, and the next face appeared on the screen. Participants attempted to recall and speak the name of each face into a microphone. Three of the subjects did not participate in this segment of the experiment due to recording problems.
Results
During the introductory 64-trial same/different task, participants' hit rate (HR) was 82% (SEM = 3%) over the first 8 trials and 94% (SEM = 2%) over the last 8.
Participants' false alarm rate (FAR) was 30% (SEM = 4%) over the first 8 trials and 19% (SEM = 4%) over the last 8. This improvement in performance was significant for both HR [t(31) = 3.78, p < .001] and FAR [t(31) = 2.32, p < .05].
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For reasons discussed in greater detail below, we used a-prime (A ′ ) as an aggregate measure for performance in the associative recognition task (A ′ is determined by calculating the area underneath the ROC curve). A ′ increased from .60 in the first block to .86 in the tenth and final block. Descriptive statistics for various metrics related to the learning curve are displayed in Tables 2 and 3 revealed that RT for each of the response types was reliably different from RT for each of the other response types: Hits were fastest, followed by correct rejections, followed by false alarms, and misses had the slowest RTs.
In the following subsections we report tests of the effects of facial similarity on associative recognition performance. Additionally, we construct receiver-operated characteristic (ROC) curves, the examination of which provides for a more thorough analysis of recognition performance independent of response bias.
Insert Table 2 about here
Neighborhood Effect: As in previous experiments, our question of primary interest was whether memory for a face-name association was affected by how many faces in the study set were in proximity to the face in similarity space. Each of the 16 faces had between 5 and 10 neighbors within the study set. We first separated the faces into "low" (5-6 neighbors), "medium" (7-8), and "high" (9-10) neighbor conditions. The effects of neighborhood density on various metrics are shown graphically in Figure 5 .
To assess the reliability of the neighborhood effect, we regressed our aggregate performance measure, A ′ , on number of neighbors (low, medium, high; Fig. 5, Panel b) .
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The neighborhood effect was significant for A ′ (i.e., the fewer the neighbors within the study set, the higher the A ′ at test) [t(34) = −2.09, p < .05]. However, when the effect was analyzed separately for hit rate (HR) and false alarm rate (FAR), it was only significant for HR [t(34) = −2.11, p < .05] and not for FAR [t(34) = −0.01, n.s.] (see Table 4 for full descriptions of statistics for these regressions and those to follow).
We also examined neighborhood density effects on confidence judgments and reaction time ( The effect of neighborhood density condition (low, medium, or high) on all of these metrics was also analyzed with repeated measures ANOVAs. F-statistics and M S e from these ANOVAs are displayed in Table 5 . Consistent with the previous set of analyses, one-way ANOVAs revealed a significant effect of neighborhood density on A ′ , reaction time for hits, and confidence for target trials, although the effect on HR was only marginally significant. Neighborhood density effects on other metrics were not significant.
Another set of two-way ANOVAs showed no significant interaction effects between neighborhood density (low, medium, high) and block number ("early" (blocks 1-5) versus "late" (blocks 6-10)) [F (2, 68) < 1 for all interactions, n.s.].
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Insert Table 3 about here ROC curves: We employed receiver-operating characteristic (ROC) analysis to better characterize the effect of neighborhood density across varying decision criteria. ROC curves are constructed by plotting hit rate (HR) against false alarm rate (FAR) for the various confidence thresholds.
The overall ROC curve in our face-name associative recognition task (Fig. 6 , Panel a) was highly curvilinear, and the overall z-transformed ROC curve (zROC) (Fig. 6 For item recognition, the slope of the zROC is typically observed to be less than 1 (e.g., Donaldson & Murdock, 1968; Murdock, 1982; Glanzer, Kim, Hilford, & Adams, 1999) , although slopes greater than 1 have been observed for recognition of highly Face-name association 23 confusable visual stimuli (Yotsumoto, Kahana, McLaughlin, & Sekuler, submitted) . In source or associative recognition, the zROC has been observed to yield a slope close to 1 (e.g., Glanzer, Hilford, & Kim, 2004) , and this slope may be steeper for intact-rearranged recognition compared to intact-new recognition (Rotello, Macmillan, & Van Tassel, 2000) .
In our experiment, an intact-rearranged recognition task, we observed a mean slope of the overall zROC that was significantly greater than 1, with a 95% CI of (1.08, 1.29)
[t(33) = 23.04, p < .001].
The slope of the zROC has been interpreted as conveying information about the ratio between the variances of lure and target familiarity distributions in a recognition task (Ratcliff, McKoon, & Tindall, 1994) Having first determined the characteristics of the overall ROC and zROC curves, we then compared the ROCs and zROCs for face-name pairs with "low" (5-6) versus "high" ROCs when compared with ROCs for stronger associations, for quadratic models fit to our ROC curves, low versus high neighborhood density conditions yielded quadratic coefficients that were not significantly different [t(33) = 1.55, n.s.]. Quadratic coefficients for the zROCs, however, were significantly more negative in the low neighborhood density condition [t(32) = 2.06, p < .05], and hence low neighborhood density zROCs were Face-name association 24 significantly convex [t(32) = 2.18, p < .05] (an additional participant's data were excluded in this analysis because he only employed responses of "1" for lure pairs with low neighborhood density, which caused his zROC for this condition to be completely vertical).
When fitting simple linear models to the zROCs, the slope of the zROC for low-neighbor pairs was not significantly different from the slope for high-neighbor pairs [t(32) = 0.75, n.s.]. However, the intercept of the zROC-which can be used as a metric for overall performance-was significantly greater for low-neighbor pairs compared to high-neighbor pairs [t(32) = 2.47, p < .05].
Insert Figure 6 about here
Confidence Judgments: Confidence judgments, by design, are a more sensitive metric of probe familiarity and memory salience than HR or FAR. We examined the average confidence judgments participants gave, as a function of the Euclidean distance in similarity space between the probe face in the pair and the face belonging to the probe name (see Fig. 7 , Panel a). One would expect greater associative interference for a given face-name pair to result in a less confident-and for the purposes of this experiment, less correct-response.
For this analysis, a target (correctly-paired) pair was assigned a Euclidean distance of 0, and lure (incorrectly-paired) pairs could have varying distances. Lure trials were placed into four distance bins, and average confidence judgment was regressed on distance for each participant. Not surprisingly, the closer the lure face was to the correct face, the higher the judgment given. The 95% confidence interval for the slope of this line was (-.58,
RT data were in line with the results observed in confidence judgments. For target trials, hits (M = 2278 ms, SD = 441 ms) were significantly faster than misses (M = 2894
Face-name association 25 ms, SD = 540 ms), [t(34)=-12.10, p < .001]. For lure trials, RTs showed opposite trends depending on whether they were false alarms (lure trials on which participants responded with confidence ratings between 4 and 6) or correct rejections (lure trials on which participants responded with confidence ratings between 1 and 3) (see Fig. 7, Panel b) .
The shorter the distance, the faster the false alarm, and the 95% confidence interval for the slope of this regression was (48, 183) ms, [t(34)=3.48, p < .01]. Conversely, the shorter the distance, the slower the reaction time if the participant was to correctly reject the lure. The 95% confidence interval for the slope of this regression was (-227, -64) Figure 8a shows the probability of correct recall data alongside the data for conditional probability of intra-list intrusion, on the same Euclidean distance scale. Corresponding RTs for these recalls are shown in Figure 8b .
Both of these similarity effects were significant. The 95% CI for the regression of probability of intra-list intrusion on distance was (-.04, -.03), [t(31)=-9.19, p < .001]. The 95% CI for the slope of the regression of intrusions' RT on distance was (63, 531) ms, [t(31)=2.60, p < .05]. We then recalculated these linear regressions when including data from correct recall trials along with the intra-list intrusion trials. In this case, the 95% CI for the slope of the regression of probability of recall on distance was (-.10, -.07), [t(31)=-12.44, p < .001], and the 95% CI for the slope of the regression of RT on distance was (245, 417) ms, [t(31)=7.83, p < .001].
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Insert Figure 8 about here
Discussion
Experiment 3 demonstrated that the subsequent ability to discriminate a target face-name pair from a lure pair was a function of how many similar faces were nearby to the probe face in similarity space, and how distant the probe face was in similarity space from the face that had been paired with the probe name at study.
Although the observation of a neighborhood effect in recognition may seem intuitive given that we observed similar results in our cued recall experiments, the previous literature on verbal associations suggests that associative recognition may be immune to similarity-based interference. For instance, Dyne et al. (1990) presented participants with a verbal associative recognition task, for which some pairs were studied among other pairs designed to produce interference (i.e., A-B and later A-C in the same study list). Test items were constructed by rearranging some of the word pairs and leaving others intact.
The experimenters found that both HR and FAR were greater for probe pairs that had been subject to interference at study. As a result, while cued recall performance had been reliably worse under associative interference conditions, they found no net effect in associative recognition, and this was put forth as evidence for a fundamental difference between associative recognition and associative recall (see, also, Postman, 1976) . These results were consistent with the predictions of various summed similarity or global matching memory models (e.g., Gillund & Shiffrin, 1984; Hintzman, 1984; Humphreys, Bain, & Pike, 1989; Murdock, 1982) .
The results observed in Experiment 3, however, did demonstrate an effect on performance (A ′ ) resulting from associative interference. Dyne et al. (1990) note that the Face-name association 27 concept of associative interference suggests that the learning of A-C somehow weakens the learning of A-B. In an associative recognition task, this would lead one to expect worse performance for target (intact) pairs in high-interference conditions and yet no marked effect on performance related to lure (rearranged) pairs. This is a scenario consistent with the results we observed when examining neighborhood density effects on HR, FAR, reaction time, and confidence in Experiment 3.
However, the interference effects we observed were of a subtly different variety than those searched for by Dyne et al. (1990) . In their results, confidence and latency of responses for target and lure trials of varying distances suggested that the associative interference was attributable not only to a weakening of the association between Face A and Name A, but, relatedly, to partial association of Name A to the other competing faces studied in the list. With faces whose similarities were known, we observed in Experiments 1 and 3 that the relative magnitudes of these partial associations were a direct function of the Euclidean distances in similarity space between the target and competitor faces. For example, the confidence judgment data indicated that for lure pairs extremely close to what would have been the correct pairing, participants could typically not discriminate, as the average response was approximately halfway between a "yes" or "no" response.
General Discussion
In all three experiments, we observed that the more similar neighbors a face had within its study set, the more difficult it was for participants to associate a name with it.
We interpret the data from all three experiments as indicating that the associative interference resulted from names being partially associated with faces in the study set other than the correct face. Because the extent of an incorrect partial association was a function of how near in similarity space the also-studied face was to the correct face, learning was weaker for faces with a greater number of competing faces nearby in Face-name association 28 similarity space. Within an experiment, all face-name pairs were studied among lists of the same size, but performance suffered most for those faces with greater within-study set neighborhood density.
This series of experiments supported three other main conclusions. First, we showed that similarity-based associative interference effects that have previously been observed with verbal stimuli are also observable for a special class of difficult-to-verbalize visual stimuli-namely, faces. Second, the interference effects we observed did not appear to be fundamentally different when comparing performance for cued recall with that of associative recognition, which is further evidence for cognitive similarity between these two memory tasks (Kahana, 1993; Nobel & Shiffrin, 2001 ). Third, we demonstrated that these interference effects were not an artifact of the difficult and abstract face set we used in Experiments 1 and 3, but are probably generalizable to the everyday task of learning the names of actual faces.
Thus, the results of this study additionally have implications for the understanding of how people execute the common memory task of learning people's names. Why do many people report the task of recalling a person's name as singularly difficult? The claim that names themselves typically lack semantic meaning and thus are more difficult to associate with faces through mnemonic imagery probably has merit, as does the theory that names, when processed as names, lack synonyms and are thus less likely to be Table 1 Means and standard deviations (in parentheses) of probability of correct recall and reaction time, by block. Table 3 Means and standard deviations (in parentheses) of reaction times (in s.) for various response types, by block for associative recognition.
Block RT, hits RT, misses RT, correct rejections RT, false alarms 1 2.5(0.5) 2.8(0.6) 2.7(0.6) 2.6(0.8) 2 2.4(0.5) 2.9(0.8) 2.6(0.6) 2.7(0.6) 3 2.4(0.5) 2.9(0.8) 2.6(0.6) 2.9(1.0) 4 2.4(0.5) 2.9(0.7) 2.6(0.7) 2.9(0.8) Face-name association 40 Table 4 Statistics for the linear regressions fitting various performance variables to neighborhood density (low, medium, or high). † = .05 < p < .10, * = p < .05, ** = p < .01, *** = Table 5 Results of one-way repeated measures ANOVAs analyzing the effects of neighborhood density (low, medium, or high) on various performance variables. † = .05 < p < .10, * = p < .05, ** = p < .01, *** = p < .001 Face-name association 41
Figure Captions . ROC and zROC curves for the associative recognition task, in the right panels separated into "low" and "high" neighborhood density conditions.
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